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FUEL HOSE 

TECHNICAL FIELD 

0001. The present invention relates to a fuel hose wherein 
a highly flowable electrically conductive fluororesin layer is 
used as an inner layer, and the inside Surface thereof is 
Substantially Smooth even when it is molded at a high Speed. 

BACKGROUND ART 

0002 Heretofore, a fluororesin is used in a wide range of 
fields, Since it is excellent in e.g. heat resistance, chemical 
resistance, weather resistance, non-tackiness, low frictional 
nature and low dielectric property. For example, use as a 
Surface covering material to cover a Substrate is known 
wherein a film or the like of a fluororesin is laminated on the 
Surface of a Substrate made of an inorganic material Such as 
a metal or glass or an organic material Such as a Synthetic 
resin. Further, as an important application to a laminate, a 
fuel hose may be mentioned which is used in an engine room 
of an automobile and which is exposed to a Severe condition 
Such as a high temperature environment. 
0003. The fuel hose is a hose for piping, wherein a 
gasoline fuel containing an alcohol or an aromatic com 
pound is transported. In recent years, regulations relating to 
permeation of gasoline have become Severer, and as a 
measure to cope with Such requirements, a hose of a 
multilayer Structure Such as a two layer Structure, has been 
proposed, and especially for the inner layer which is directly 
in contact with the fuel, it is desired to use a resin having 
chemical resistance against a corrosive material Such as 
ethanol or methanol present in the fuel and a gas barrier 
property not to let Such a material permeate. From Such a 
Viewpoint, a fluororesin having heat resistance, chemical 
resistance and gas barrier property, is considered to be one 
of the most preferred materials, as the material for the inner 
layer. 

0004. However, the fluororesin forming the inner layer 
has a high insulation property, whereby Static electricity is 
likely to form and electrification is likely to result when a 
fuel passes in the hose. Accordingly, leakage of the fuel due 
to formation of a hole in the hose, and problems due to 
electric discharge, are likely to result. Therefore, it is nec 
essary to prevent electrification of the fluororesin, for 
example, by imparting electrical conductivity to release the 
formed Static electricity. 
0005. On the other hand, for the outer layer of a fuel hose, 

it is common to use a polyamide resin Such as polyamide 6, 
polyamide 11 or polyamide 12, which has relatively good 
durability. 

0006 The present inventors have disclosed in JP-A-10 
311461 a fuel hose wherein an outer layer is made of a 
polyamide thermoplastic resin having an amino group 
containing compound, and an inner layer is made of a 
fluororesin, and wherein the Outer layer and the inner layer 
are bonded with high Strength by means of a fluorinated 
adhesive resin. 

0007. At present, in the field of fuel hoses, for the purpose 
of mass production, it is required to carry out molding at a 
withdrawing Speed for the production of a hose as high as 
possible, for example, at a withdrawing Speed of at least 15 
m/min. According to a Study by the present inventors, it is 
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considerably difficult to Satisfy Such a requirement in the 
case of a hose wherein the outer layer is made of a 
thermoplastic resin other than a fluororesin, and an inner 
layer is made of an electrically conductive fluororesin. 
0008 Namely, the thermoplastic resin of the outer layer 
is basically highly melt flowable and can Satisfy the require 
ment, but the problem is the electrically conductive fluo 
roresin of the inner layer, and it is not easy to Satisfy the 
requirement. Namely, the fluororesin is basically a low melt 
flowable resin, and when an electrical conductivity-impart 
ing filler Such as carbon black is incorporated thereto in 
order to impart an antistatic function, the melt flowability 
will further be lowered. If high speed molding of a hose is 
carried out at a withdrawing Speed of the above-mentioned 
high speed, melt fracture (so-called melfra) will form, 
whereby the inside surface of the form will be roughened, 
and the appearance will be poor, whereby there has been a 
problem that the commercial value decreases Substantially. 
0009 Further, a fuel hose is basically subjected to bend 
ing at various angles over the entire length of a Straight tube 
produced by extrusion molding, in order to adapt it to 
configurational or spacial restrictions in a Specific structure 
of each automobile. The bending of the hose not only 
increases a proceSS Step, but wrinkles may thereby be 
formed. Once wrinkles are formed, the stress will be con 
centrated at Such a portion, whereby there will be a problem 
that the useful life of the hose tends to be substantially short. 
0010. It is an object of the present invention to solve the 
above-mentioned problems and to provide a fuel hose com 
prising an Outer layer made of a thermoplastic resin and an 
inner layer made of a fluororesin having electrical conduc 
tivity, and which is excellent in the adhesive Strength 
between the inner and Outer layers, wherein the Surface 
SmoothneSS is Secured even by molding at a high Speed. 
Further, it is intended to provide preferably a fuel hose 
which can be mounted on an automobile without necessity 
of bending processing. 

DISCLOSURE OF THE INVENTION 

0011. The present invention has been made to solve the 
above problems, and according to the present invention, the 
following invention will be presented. 
0012 (1) A fuel hose having a laminated structure com 
prising an inner layer (A) made of a fluororesin and an outer 
layer (B) made of a thermoplastic resin other than a fluo 
roresin, wherein the inner layer (A) has electrical conduc 
tivity and a melt flowability such that the melt flow rate is 
from 14 to 30 (g/10 min), and at least the inside surface of 
the inner layer is Substantially Smooth. 
0013 Further, according to the present invention, in the 
above fuel hose, a fuel hose having a corrugated region at a 
midpoint thereof, is presented. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0014 Now, the present invention will be described in 
detail with reference to the preferred embodiments 
0015 The present invention provides a fuel hose having 
a laminated structure comprising an inner layer (A) made of 
a fluororesin and an outer layer (B) made of a thermoplastic 
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resin other than a fluororesin. AS the thermoplastic resin 
other than a fluororesin to be used as the outer layer (B), 
various thermoplastic resins can be used. 
0016. It may, for example, be a polyolefin such as poly 
ethylene or polypropylene, a polyamide Such as polyamide 
6, polyamide 66, polyamide 610, polyamide 612, polyamide 
11 or polyamide 12, a polyester Such as polyethylene 
terephthalate or polybutylene terephthalate; a (meth)acrylic 
resin Such as polymethyl acrylate or polymethyl methacry 
late; polystyrene, an ABS resin, an AS resin, polyimide, 
polyamide imide, polyphenylene Sulfide, polyvinylbutyral, 
polyvinylidene chloride, polyacetal or a vinyl chloride resin. 
Further, it may be an elastomer Such as a polyolefin type 
thermoplastic elastomer, a polyamide type thermoplastic 
elastomer, a polyester type thermoplastic elastomer, a polyb 
utadiene type thermoplastic elastomer or a polystyrene type 
thermoplastic elastomer. 
0.017. These resins may be used alone or as blended. 
0.018 Particularly preferred is a polyamide excellent in 
flexibility and low temperature impact resistance. Espe 
cially, polyamide 6, polyamide 11 or polyamide 12 is 
preferred. 
0019. As the fluororesin to be used as the inner layer (A) 
in the present invention, basically, any known fluororesin 
may be used. However, an ethylene/tetrafluoroethylene 
copolymer, polytetrafluoroethylene or a tetrafluoroethylene/ 
hexafluoropropylene copolymer is preferred, and an ethyl 
ene/tetrafluoroethylene copolymer (hereinafter referred to as 
ETFE) is most preferred. 
0020 ETFE may preferably be one having tetrafluoroet 
hylene and ethylene copolymerized in a ratio of from 70/30 
to 30/70 (molar ratio) or one having Such monomers copo 
lymerized with at least another copolymerizable monomer 
other than ethylene, Such as a fluoroolefin or propylene. A 
more preferred copolymer is one having tetrafluoroethylene/ 
ethylene/other monomer copolymerized in a molar ratio of 
(60-30)/(20-60)/(0-40), particularly preferably (60-40)/(35 
60)/(0-5). 
0021. Such a copolymerizable monomer may, for 
example, be an O-olefin Such as propylene or butene; a 
fluoroolefin having an unsaturated group and hydrogen 
atoms, Such as vinyl fluoride, Vinylidene fluoride or (per 
fluorobutyl)ethylene; a vinyl ether such as an alkyl vinyl 
ether or a (fluoroalkyl) vinyl ether, or a (meth)acrylate Such 
as a (fluoroalkyl) acrylate or a (fluoroalkyl) methacrylate. 
Further, a monomer having no hydrogen atoms in an unsat 
urated group, Such as hexafluoropropylene or a perfluoro 
(alkyl vinyl ether) may be used in combination. As described 
in the foregoing, in the present invention, ETFE is used to 
mean an ethylene/tetrafluoroethylene copolymer including a 
copolymer with such a copolymerizable monomer. ETFE 
can be produced by various known polymerization methods 
Such as bulk polymerization, Suspension polymerization, 
emulsion polymerization and Solution polymerization. 
0022. In the present invention, the inner layer (A) made 
of the above fluororesin has a feature that it has electrical 
conductivity and a melt flowability such that the melt flow 
rate (hereinafter referred to as MFR) is from 14 to 30 (g/10 
min). 
0023. With respect to the electrical conductivity, the 
volume resistivity is preferably from 1 to 10” (S2 cm) with a 
View to providing an antistatic function effectively. 
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0024. The electrical conductivity may be imparted by 
incorporating an electrical conductivity-imparting filler to 
the inner layer. The electrical conductivity-imparting filler 
may, for example, be a powder of metal Such as copper, 
nickel or Silver; a fiber of metal Such as iron or StainleSS 
Steel; carbon black, or a metal inorganic compound having 
the Surface of e.g. Zink oxide, glass beads or titanium oxide 
coated by metal Sputtering or electroless plating. Among 
them, carbon black is most preferred, Since hydroxyl groups 
or carboxyl groups are present on the particle Surface, and 
Such groups also serve as adhesive groups to improve the 
adhesiveness of the inner layer. 
0025 The blending amount of the electrical conductivity 
imparting filler may Suitably be determined depending upon 
the type of the filler, the type of the fluororesin, the designed 
conductive performance of the hose, the molding conditions, 
etc., but it is usually from 1 to 30 parts by mass, particularly 
from 5 to 20 parts by mass, per 100 parts by mass of the 
fluororesin. 

0026. On the other hand, the inner layer (A) made of the 
above fluororesin having electrical conductivity, has a melt 
flowability such that the melt flow rate is from 14 to 30 (g/10 
min). 
0027. With one having high melt flowability such that 
MFR of the inner layer (A) is from 14 to 30 (g/10 min), even 
when the hose is extrusion-molded at a high Speed, the 
Surface property of the hose, particularly the Surface prop 
erty of the inside surface of the inner layer (A) made of the 
fluororesin, will be maintained Satisfactorily, and the Surface 
State can always be maintained beautifully. The present 
inventors have found that this MFR value is very critical, 
and the surface state of the formed hose distinctly differs as 
between MFR (g/10 min) being less than 14, for example 
MFR being from 12 to 13, and MFR being 14. 
0028 More specifically, if MFR is less than 14 (g/10 
min), when the withdrawing speed of the hose is from 10 to 
15 (m/min), so-called melfra (melt fracture) will form, 
whereby the inside Surface property of the inner layer 
deteriorates Substantially, thus leading to a product having 
poor appearance. On the other hand, with respect to the 
upper limit, if MFR exceeds 30 (g/10 min), the strength 
(tensile strength at break) of the material itself decreases, 
and the Strength as a hose decreases. Namely, when the 
adhesive Strength of the Outer and inner layerS is measured, 
the adhesive Strength decreases not by failure of the adhe 
sive layer, but by the material failure of the inner layer. 
0029 Further, when the electrical conductivity-imparting 

filler is incorporated to ETFE, the MFR decreases. Accord 
ingly, in order to secure the melt flowability of the inner 
layer within the above-mentioned range, it is preferred that 
MFR of ETFE before incorporation of the filler, is within a 
range of from 14 to 30 (g/10 min). 
0030 MFR is an index of the melt flowability of the resin 
and is also an index of the molecular weight. Usually, MFR 
of ETFE obtained by polymerization is less than 40 (g/10 
min), and the molecular weight is large. 
0031) The inner layer (A) may be made to have a high 
melt flowability of from 14 to 30 (g/10 min), for example, 
by CD a method wherein, at the time of polymerizing ETFE, 
the type or the amount of the chain transfer agent is adjusted 
to obtain a polymer having a lower molecular weight than 
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usual ETFE, or (2) a method wherein ETFE (one having a 
MFR of less than 40 (g/10 min)) obtained by a usual 
polymerization method, is Subjected to (i) irradiation with 
high energy rays, etc., (ii) heat treatment at a temperature of 
at least 300° C., preferably from 330 to 400° C., for from 5 
to 30 minutes, or (iii) melt kneading together with a peroxide 
at a temperature higher than the decomposition temperature, 
to induce breakage of molecular chains by free radicals 
generated from the peroxide, thereby to lower the molecular 
weight (e.g. JP-A-11-320770). 
0032). Further, ETFE of the inner layer may be made to 
have a low molecular weight, in Such a State that an electrical 
conductivity-imparting filler Such as carbon black, or other 
additives may be blended thereto. 

0033. In the present invention, MFR is a value measured 
by the method stipulated in ASTM D-3159. Namely, it is 
represented by the amount of molten ETFE passed through 
a nozzle having a diameter of 2 mm and a length of 10 mm 
in 10 minutes at 297 C. and 49 N (g/10 min). 
0034. In the present invention, it is preferred that the 
inner layer (A) and the outer layer (B) are melt-bonded via 
a fluorinated adhesive resin layer having melt adhesiveness. 

0035. The following methods may be mentioned as a 
method for introducing adhesive functional groups of a 
fluorinated adhesive resin: 

0036) CD a method of grafting a compound (here 
inafter referred to as a grafting compound) having an 
adhesiveness-imparting functional group and a con 
necting group capable of grafting, to the fluororesin 
(JP-A-7-173230, JP-A-7-173446, JP-A-7-173447, 
JP-A-10-311461, etc.) and 

0037) (2) a method wherein at the time of polymer 
ization of the fluororesin, at least one of copolymer 
izable monomerS is made to have a functional group. 

0.038 Here, the adhesiveness-imparting functional group 
is a group having reactivity or polarity and may, for 
example, be a carboxyl group, a residue after dehydration 
condensation of a carboxyl group (a carboxylic anhydride 
residue), an epoxy group, a hydroxyl group, an isocyanate 
group, an ester group, an amide group, an acid amide group, 
an aldehyde group, an amino group, a hydrolyzable Silyl 
group or a cyano group. 

0039) CD Grafting to the fluororesin may be carried 
out, for example, in the case of ETFE, by melt 
mixing ETFE, the grafting compound and a radical 
forming agent at a temperature for generation of 
radicals, to graft the grafting compound to ETFE. 
Most preferred is a method wherein grafting is 
carried out while conducting melt kneading in a 
cylinder of an extrusion molding machine or an 
injection molding machine. The grafted ETFE may 
be made into molded material Such as pellets. Fur 
ther, as will be described in Examples given in 
hereinafter, the grafting in the molding machine Such 
as an extrusion molding machine, is followed by, for 
example, three-layer extrusion of inner layer (A)/ 
adhesive resin layer/outer layer (B), to obtain a 
molded product Such as a hose of three-layer Struc 
ture in one Step. 
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0040. The grafting compound is preferably a compound 
having (a) a connecting group Selected from an organic 
group having an O, B-unsaturated double bond at a terminal, 
a peroxy group and an amino group, and (b) at least one 
adhesiveness-imparting functional group Selected from a 
carboxyl group, a carboxylic anhydride residue, an epoxy 
group, a hydroxyl group, an isocyanate group, an ester 
group, an amide group, an acid amide group, an aldehyde 
group, an amino group, an hydrolyzable silyl group and a 
cyano group. 

0041 Among them, an unsaturated carboxylic acid, an 
epoxy group-containing unsaturated compound, a hydrolyZ 
able silyl group-containing unsaturated compound or an 
epoxy group-containing peroxy compound is particularly 
preferred, and an unsaturated carboxylic anhydride is most 
preferred. The unsaturated carboxylic anhydride may, for 
example, be maleic anhydride or fumaric anhydride. 
0042. Further, the radical-forming agent is preferably one 
having a decomposition temperature within a range of from 
120 to 350° C. and a half value period of about 1 minute. For 
example, it may be t-butyl hydroperoxide, benzoyl peroxide, 
dichlorobenzoyl peroxide, dicumyl peroxide or lauroyl per 
oxide. 

0043. Further, instead of grafting the grafting compound 
to the fluororesin, at the time of polymerization of a fluo 
roresin from monomers, a monomer having the above 
mentioned adhesiveness-imparting functional group may be 
used as at least one of the monomers. 

0044) (2) In the method wherein at the time of 
polymerization of ETFE, at least one of copolymer 
izable monomerS is made to have a functional group, 
the following monomers may, for example, be men 
tioned as the functional group-containing monomer 
to be used. 

0045 (a) A perfluorovinyl ether monomer such as 
Ri(OCFXCF). OCF=CF, (wherein R is a C, 
perfluoroalkyl group, X is a fluorine atom or a 
trifluoromethyl group, and m is an integer of from 1 
to 6); 

0046 (b) a perfluorovinyl ether monomer having a 
group which can easily be converted to a carboxylic 
acid group or a Sulfonic acid group, Such as 
CHOC(=O)CF.CF.CF.OCF=CF, O 
FSOCFCFOCF(CF)CFOCF=CF; 

0047 (c) a vinyl ester monomer such as vinyl 
acetate, 

0048 (d) a vinyl ether monomer such as ethyl vinyl 
ether, cyclohexyl vinyl ether or hydroxybutyl vinyl 
ether; and 

0049 (e) an allyl ether monomer such as methyl 
allyl ether. 

0050. These monomers may be used alone or in combi 
nation as a mixture of two or more of them. A functional 
group may further be provided by a free radical. Further, as 
a polymerization initiator, a compound containing a func 
tional group may be employed. Further, the polymerized 
fluororesin may be Subjected to post treatment Such as heat 
treatment, treatment with free radicals, acidic treatment or 
basic treatment, to provide new functional groups. 
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0051) To the electrically conductive fluororesin layer as 
the inner layer (A), the outer layer (B) and the adhesive resin 
layer, constituting the fuel hose of the present invention, an 
optional component Such as a thermoplastic resin, a filler 
Such as Silica, carbon, glass fibers or carbon fibers, a 
pigment, a plasticizer, a tackifier, a Silane coupling agent, a 
titanate coupling gent, a flame retardant or a photoStabilizer, 
may be incorporated. Further, to the electrically conductive 
fluororesin layer, other resin may be blended So long as the 
predetermined melt flowability can be maintained, and usual 
ETFE may be blended. 
0.052 Further, it is also preferred to use, as a reinforcing 
agent for the inner layer (A), reinforcing fiberS Such as nylon 
fibers, polyester fibers, aramide fibers or carbon fibers, or the 
corresponding filaments. In a case where the melt adhesive 
neSS is improved by the above-mentioned means Such as 
irradiation with high energy rays, (2) heat treatment or 
breakage of molecular chains is induced by free radicals to 
lower the molecular weight, the tensile Strength at break may 
Sometimes decrease. If the tensile Strength at break of the 
fluororesin is at most 21 MPa, the strength of the hose tends 
to be weak, Such being undesirable. However, by using Such 
reinforced fibers or the like as a filler, it is possible to Secure 
a tensile strength at break at higher than 21 MPa required for 
the fluororesin as the inner layer. 

0053. The size of the fuel hose of the present invention is 
not particularly limited. However, the outer diameter is 
preferably within a range of from 5 to 30 mm, and the inner 
diameter is preferably within a range of from 3 to 25 mm. 
Further, the thickness of each layer constituting the fuel hose 
is not particularly limited, but it is preferably within a range 
of from 0.05 to 2.0 mm. For example, a case may be 
mentioned wherein the outer diameter is 8 mm, the inner 
diameter is 6 mm and a thickness of 1 mm (the inner layer: 
0.2 mm, the outer layer: 0.8 mm). Further, in the case of 
using the melt adhesive resin layer, the thickness of the 
adhesive layer may be very thin, i.e. at a level of from about 
0.001 to 0.1 mm thick. 

0.054 As a method for forming the fuel hose having a 
laminated Structure of the present invention, there may be 
mentioned a method wherein a cylindrical inner layer, an 
adhesive layer and an outer layer are separately formed by 
extruders, and the inner layer, the adhesive layer and the 
outer layer are laminated, followed by heat pressing, or a 
method wherein firstly, an inner tube is formed by an inner 
layer extruder, and on the outer circumference, an adhesive 
layer is extruded and formed, followed by forming an outer 
layer on the circumference by an outer layer extruder. 
However, it is most preferred to employ co-extrusion mold 
ing wherein a thermoplastic resin to form an outer layer, a 
melt adhesive resin and an electrically conductive fluo 
roresin to form an inner layer, are Subjected to co-extrusion 
molding in a molten state to have the two heat-fused (melt 
bonded) to form a hose having a three layer structure in one 
Step. 

0.055 Usually, it is preferred to preliminarily pelletize the 
respective resins for the outer and inner layers. For the 
co-extrusion molding, it is preferred that resin components 
are mechanically kneaded at a temperature where all resin 
components will be melted. AS Such a kneading apparatus, 
a high temperature kneader or a Screw extruder may, for 
example, be employed. It is particularly preferred to employ 

Sep. 26, 2002 

a Same directional twin Screw extruder to mix the electro 
conductivity-imparting filler to a fluororesin uniformly. 

0056 Further, at the time of carrying out extrusion mold 
ing, it is possible to carry out grafting (melt-adhesiveness 
imparting Step) of a grafting compound to ETFE to form an 
adhesive resin layer in an extruder, followed by co-extrusion 
molding of inner and outer layers, So that grafting and 
co-extrusion molding can be carried out Substantially Simul 
taneously. 

0057 The fuel hose of the present invention may be one 
which has a corrugated region at a midpoint thereof. Such a 
corrugated region is a region where an optional region in a 
midpoint of the hose itself is formed into e.g. a waveform 
shape, a bellows shape, an accordion shape or a corrugated 
shape. 

0.058 When the fuel hose of the present invention has 
Such a region where a plurality of corrugated creases are 
formed in a ring shape, one side of the ring shape can be 
compressed, while the other Side can be stretched outwardly, 
at Such a region, whereby the hose can be easily bent at an 
optional angle without bringing about a stress fatigue or 
interlaminar peeling. 

0059. The method for forming the corrugated region is 
not particularly limited. However, it can easily be formed by 
firstly forming a Straight tube, and then Subjecting it to 
molding or the like to form a predetermined corrugated 
shape. 

0060. The fuel hose of the present invention is not limited 
to one having a corrugated region over the entire length of 
the hose, but may be one having a corrugated region partly. 

0061. In the present invention, various physical proper 
ties of the fuel hose (provided that with respect to the tensile 
Strength at break, the physical properties of the resin for the 
inner layer itself) are measured as follows. 
0062) CD Adhesive Strength (Melt Adhesive Strength): 
0063 As a test sample, one obtained by cutting a hose 
(laminated hose) in a length of 20 cm and further cutting it 
Vertically, is used. From ends of the outer and inner layers, 
1 cm is forcibly peeled, and the outer and inner layers are 
pinched by a Small size tensilon as an instrument used, and 
one of them is pulled at a rate of 100 mm/min. The 
maximum strength is taken as the adhesive strength (N/cm). 
0064. In the present invention, the adhesive strength of 
the fuel hose is preferably at least 20 (N/cm). 
0065 (2) Electrical Conductivity: 

0066 Evaluated based on the results of measurement of 
the Volume resistivity. As a test Sample, an inner layer 
obtained by peeling at the time of measuring the adhesive 
Strength in (1), is used. As a measuring instrument, Loresta 
AP, manufactured by Mitsubishi Chemical Corporation, or 
the like is employed, and four probes are brought in contact 
with the sample at 9.8 N, whereby the volume resistivity 
(S2cm) is measured. 
0067. In the present invention, the volume resistivity of 
the inner layer is preferably from about 1 to 10” (S2 cm). 
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0068) (3) Tensile Strength at Break: 
0069) No. 4' dumbbell formed of the fluororesin of the 
inner layer is used as a test Specimen, and the measurement 
is carried out in accordance with ASTM D-638. Here, the 
tensile speed is 200 mm/min. 
0070 AS described above, in the present invention, it is 
preferable that the tensile Strength at break at the fluororesin 
constituting the inner layer, as measured in Such a manner, 
is higher than 21 MPa. This is intended to secure the strength 
of the hose, so that the material failure of the inner layer will 
not occur before interlaminar peeling takes place in the hose 
having a laminated Structure. 
0.071) (4) Appearance: 
0.072 Not only the appearance of the thermoplastic resin 
of the Outer layer but also the appearance of the inner layer 
as observed by cutting the laminated hose, is taken into 
consideration, and only when the appearance (the Surface 
property) of both is good, it is regarded that a good lami 
nated hose is formed. 

0073. The appearance is evaluated by visual observation, 
and Symbol o indicates that the Surface is Smooth and 
presents a beautiful Surface State, Symbol x indicates a case 
where the Surface is roughened, or melt fracture or weld 
lines are many, and Symbol A indicates a case where Such 
melt fracture or weld lines are partly observed. Practically, 
only o represents an acceptable product having a commer 
cial value. 

0074) (5) Surface Roughness: 
0075. The inside surface of the inner layer is measured by 
an electron Surface roughneSS meter to obtain Rimax. It is 
desired that Rmaxs 100 um, preferably Rmaxs 10 um, more 
preferably Rmaxs 1.5. 
0.076 Now, the present invention will be described in 
detail with reference to Preparation Examples and Working 
Examples. However, it should be understood that the present 
invention is by no means restricted by Such specific 
Examples. 

0077 (1) Firstly, ETFE and its pellets, to form the inner 
layer of a hose, were prepared. 

REFERENCE EXAMPLE 1. 

0078 Resin A 
0079. By suspension polymerization, ETFE (polymer 
ized units based on ethylene/polymerized units based on 
tetrafluoroethylene/polymerized units based on (perfluo 
robutyl)ethylene=58/40.5/1.5 (molar ratio), hereinafter 
referred to as resin A) was produced. MFR of resin A was 
measured and found to be 33 (g/10 min). 

REFERENCE EXAMPLE 2 

0080 Resin B 
0081. By changing the charging ratio of a chain transfer 
agent, in the same manner as in Reference Example 1, ETFE 
(polymerized units based on ethylene/polymerized units 
based on tetrafluoroethylene/polymerized units based on 
(perfluorobutyl)ethylene=58/37.8/4.2 (molar ratio), herein 
after referred to as resin B) was produced. MFR of resin B 
was measured and found to be 120 (g/10 min). 
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REFERENCE EXAMPLE 3 

0082) Pellets 1 (Electrically Conductive ETFE 1) 

0083) 100 Parts by mass of resin A prepared in Reference 
Example 1 and 11 parts by mass of carbon black (manufac 
tured by Denki Kagaku Kogyo K.K.), were Supplied to a 
Same directional twin Screw extruder and kneaded by adjust 
ing the melting Zone temperature of cylinder to 300° C. The 
discharged Strand was cooled with water, and the Strand was 
cut by a pelletizer to obtain pellets 1. The pellets 1 were 
dried for 10 hours in an electric oven of 120° C. to remove 
the water content. 

0084 MFR of pellets 1 was measured and found to be 4.7 
(g/10 min). Further, pellets 1 were compression-molded 
under 10 MPa at 280 C. to obtain a sheet of 1 mm in 
thickness. From this sheet, a dumbbell for tensile break 
strength test (ASTM D-638 No. 4) was punched out and 
subjected to a tensile break strength test at 200 (mm/min). 
As a result, the tensile strength at break was 30 MPa. 

REFERENCE EXAMPLE 4 

0085 Pellets 2 (Highly Melt Flowable Conductive ETFE 
2) 
0.086 100 Parts by mass of resin B prepared in Reference 
Example 2 and 11 parts by mass of carbon black (manufac 
tured by Denki Kagaku Kogyo K.K.), were Supplied to a 
Same directional twin Screw extruder and kneaded by adjust 
ing the melting Zone of the cylinder to 300 C., to obtain 
pellets 2. The pellets 2 were dried for 10 hours in an electric 
oven of 120° C. to remove the water content. 

0087, MFR of pellets 2 was measured and found to be 14 
(g/10 min). Further, pellets 2 were compression-molded 
under 10 MPa at 280 C. to obtain a sheet of 1 mm in 
thickness. From this sheet, a dumbbell for tensile break 
strength test (ASTM D-638 No. 4) was punched out and 
subjected to a tensile break strength test at 200 (mm/min). 
As a result, the tensile strength at break was 29 MPa. 

REFERENCE EXAMPLE 5 

0088 Pellets 3 (Highly Melt Flowable Conductive ETFE 
3) 
0089 100 Parts by mass of resin Aprepared in Reference 
Example 1, 0.2 part by mass of t-butyl hydroperoxide and 11 
parts by mass of carbon black (manufactured by Denki 
Kagaku Kogyo K.K.), were Supplied to a same directional 
twin Screw extruder and kneaded by adjusting the melting 
Zone temperature of cylinder to 300° C. to obtain pellets 3. 
The pellets 3 were dried for 10 hours in an electric oven of 
120° C. to remove the water content. 

0090 MFR of pellets 3 was measured and found to be 17 
(g/10 min). Further, pellets 3 were compression-molded 
under 10 MPa at 280 C. to obtain a sheet of 1 mm in 
thickness. From this sheet, a dumbbell for tensile break 
strength test (ASTM D-638 No. 4) was punched out and 
subjected to a tensile break strength test at 200 (mm/min). 
As a result, the tensile strength at break was 17 MPa. 
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REFERENCE EXAMPLE 6 

0091 Pellets 4 (Highly Melt Flowable Conductive ETFE 
4) 
0092] 100 Parts by mass of resin B prepared in Reference 
Example 2, 0.2 part by mass of t-butyl hydroperoxide and 11 
parts by mass of carbon black (manufactured by Denki 
Kagaku Kogyo K.K.), were Supplied to a same directional 
twin Screw extruder and kneaded by adjusting the melting 
Zone temperature of cylinder to 300° C., to obtain pellets 4. 
The pellets 4 were dried for 10 hours in an electric oven of 
120° C. to remove the water content. 

0093 MFR of pellets 4 was measured and found to be 28 
(g/10 min). Further, pellets 4 were compression-molded 
under 10 MPa at 280 C. to obtain a sheet of 1 mm in 
thickness. From this sheet, a dumbbell for tensile break 
strength test (ASTM D-638 No. 4) was punched out and 
subjected to a tensile break strength test at 200 (mm/min). 
As a result, the tensile strength at break was 23 MPa. 

REFERENCE EXAMPLE 7 

0094) Resin J 
0.095 By changing the charging amount of the chain 
transfer agent, ETFE (polymerized units based on ethylene/ 
polymerized units based on tetrafluoroethylene/polymerized 
units based on (perfluorobutyl)ethylene=58/39.0/3.0 (molar 
ratio), hereinafter referred to as resin J) was prepared in the 
same manner as Reference Example 1. MFR of resin J was 
measured and found to be 95 (g/10 min). 

REFERENCE EXAMPLE 8 

0096 Pellets 5 (Electrically Conductive ETFE 5) 
0097 100 Parts by mass of resin J prepared in Reference 
Example 7 and 11 parts by mass of carbon black (manufac 
tured by Denki Kagaku Kogyo K.K.), were Supplied to a 
Same directional twin Screw extruder and kneaded by adjust 
ing the melting Zone temperature of cylinder to 300° C. The 
discharged Strand was cooled with water, and the Strand was 
cut by a pelletizer to obtain pellets 5. The pellets 5 were 
dried for 10 hours in an electric oven of 120° C. to remove 
the water content. 

0.098 MFR of pellets 5 was measured and found to be 12 
(g/10 min). Further, pellets 5 were compression-molded 
under 10 MPa at 280 C. to obtain a sheet of 1 mm in 
thickness. From this sheet, a dumbbell for tensile break 
strength test (ASTM D-638 No. 4) was punched out and 
subjected to a tensile break strength test at 200 (mm/min). 
As a result, the tensile strength at break was 30 MPa. 

REFERENCE EXAMPLE 9 

0099 Resin K 
0100. By changing the charging amount of the chain 
transfer agent, ETFE (polymerized units based on ethylene/ 
polymerized units based on tetrafluoroethylene/polymerized 
units based on (perfluorobutyl)ethylene=58/36.5/5.5 (molar 
ratio), hereinafter referred to as resin K) was prepared in the 
same manner as Reference Example 1. MFR of resin K was 
measured and found to be 183 (g/10 min). 
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REFERENCE EXAMPLE 10 

0101 Pellets 6 (Highly Melt Flowable Conductive ETFE 
6) 
0102 100 Parts by mass of resin K prepared in Reference 
Example 9, 0.2 part by mass of t-butyl hydroperoxide and 11 
parts by mass of carbon black (manufactured by Denki 
Kagaku Kogyo K.K.), were Supplied to a same directional 
twin Screw extruder and kneaded by adjusting the melting 
Zone temperature of cylinder to 300° C., to obtain pellets 6. 
The pellets 6 were dried for 10 hours in an electric oven of 
120° C. to remove the water content. 

0103 MFR of pellets 6 was measured and found to be 43 
(g/10 min). Further, pellets 6 were compression-molded 
under 10 MPa at 280 C. to obtain a sheet of 1 mm in 
thickness. From this sheet, a dumbbell for tensile break 
strength test (ASTM D-638 No. 4) was punched out and 
subjected to a tensile break strength test at 200 (mm/min). 
As a result, the tensile strength at break was 15 MPa. 
0104 (2) In the following Examples 1 to 6 and Com 
parative Examples 1 and 5, hoses were formed by using the 
above resins or pellets. 

EXAMPLE 1. 

0105 To a cylinder to form an outer layer of a hose, 
polyamide 12 (5016XHP, manufactured by Toray Corpora 
tion) was Supplied. 
0106 To a cylinder to form an adhesive resin layer, a 
mixture comprising 100 parts by mass of a powder of resin 
A, 1.5 parts by mass of maleic anhydride and 0.2 part by 
mass of t-butyl hydroperoxide, was Supplied, to form melt 
adhesive fluororesin C at a melting Zone temperature of 
cylinder of 260 C. for a retention time of 3 minutes, and the 
fluororesin C was transferred to a transport Zone of the 
cylinder. 
0107 To a cylinder to form an inner layer, pellets 2 of 
highly melt flowable conductive ETFE (MFR=14 (g/10 
min)) were Supplied, to form resin D at a temperature of the 
melting Zone temperature of cylinder of 300° C. for a 
retention time of three minutes, and resin D was transferred 
to a transport Zone of the cylinder. 
0108) A laminated hose having an outer diameter of 8 
mm and an inner diameter of 6 mm was formed by three 
layer co-extrusion at a co-extrusion die temperature of 250 
C. for polyamide 12, resin C and resin D at a withdrawing 
Speed of 15 (m/min). The appearance of the obtained lami 
nated hose was visually observed, whereby the surface 
property of both the Outer and inner layers, was good. The 
Surface roughness Rimax of the inside Surface of the inner 
layer was 1.0 lim. 
0109) The adhesive strength (melt adhesive strength) of 
the Outer and inner layerS was measured and found to be 56 
N/cm. After immersing the laminated hose in a fuel oil for 
120 hours at 60° C., the adhesive strength of the outer and 
inner layers was measured and found to be 55 N/cm. Further, 
the Volume resistivity of the inner layer was measured and 
found to be 10 (S.2-cm) 
0110. Further, the tensile strength at break of resin D of 
the inner layer was 29 MPa. 
0111. The results are summarized in Table 1. 
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EXAMPLE 2 

0112 The same experiment as in Example 1 was carried 
out except that a laminated hose having an Outer diameter of 
8 mm and an inner diameter of 6 mm was formed by three 
layer co-extrusion by increasing the withdrawing Speed to 
20 (m/min). 
0113. The appearance of the laminated hose was visually 
observed, whereby the surface property of both the outer and 
inner layers, was good. The Surface roughness Rimax of the 
inside Surface of the inner layer was 1.2 lim. 
0114. Further, the adhesive strength (melt adhesive 
Strength) of the outer and inner layers was measured and 
found to be 54 N/cm. After immersing the laminated hose in 
a fuel oil for 120 hours at 60° C., the adhesive strength of the 
outer and inner layerS was measured and found to be 53 
N/cm. Further, the volume resistivity of the inner layer was 
measured and found to be 10 (S2 cm). 
0115 Further, the tensile strength at break of resin D of 
the inner layer was 29 MPa. 
0116. The results are summarized in Table 1. 

EXAMPLE 3 

0117 To a cylinder to form an outer layer of a hose, 
polyamide 12 (5016XHP, manufactured by Toray Corpora 
tion) was Supplied. 
0118. To a cylinder to form an adhesive resin layer, in the 
Same manner as in Example 1, a mixture comprising 100 
parts by mass of a powder of resin A, 1.5 parts by mass of 
maleic anhydride and 0.2 part by mass of t-butyl hydroper 
oxide, was Supplied, to form melt adhesive fluororesin C at 
a melting Zone temperature of cylinder of 260 C. for a 
retention time of 3 minutes, and the fluororesin C was 
transferred to a transport Zone of the cylinder. 
0119) To a cylinder to form an inner layer, pellets 3 of 
highly melt flowable conductive ETFE (MFR=17 (g/10 
min)) were Supplied. 
0120) A laminated hose having an outer diameter of 8 
mm and an inner diameter of 6 mm was formed by three 
layer co-extrusion at a co-extrusion die temperature of 250 
C. for polyamide 12, resin C and pellets 3 at a withdrawing 
Speed of 15 (m/min). The appearance of the obtained lami 
nated hose was visually observed, whereby the surface 
property of both the outer and inner layers, was good. The 
Surface roughneSS Rimax of the inside Surface of the inner 
layer was 0.8 um. 
0121 Further, the adhesive strength (melt adhesive 
Strength) of the outer and inner layers was measured and 
found to be 68 N/cm. After immersing the laminated hose in 
a fuel oil for 120 hours at 60° C., the adhesive strength of the 
outer and inner layerS was measured and found to be 67 
N/cm. Further, the volume resistivity of the inner layer was 
measured and found to be 10 (S2 cm) 
0.122 Further, the tensile strength at break of the inner 
layer was 25 MPa. 
0123 The results are summarized in Table 1. 

EXAMPLE 4 

0.124. The same experiment as in Example 3 was carried 
out except that a laminated hose having an Outer diameter of 
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8 mm and an inner diameter of 6 mm was formed by three 
layer co-extrusion by increasing the withdrawing Speed to 
20 (m/min). 
0.125 The outer appearance of the obtained laminated 
hose was visually observed, whereby the Surface property of 
both the outer and inner layers, was good. The Surface 
roughness Rimax of the inside Surface of the inner layer was 
0.8 um. 

0126 Further, the adhesive strength (melt adhesive 
Strength) of the outer and inner layers was measured and 
found to be 62 N/cm. After immersing the laminated hose in 
a fuel oil for 120 hours at 60° C., the adhesive strength of the 
outer and inner layerS was measured and found to be 61 
N/cm. Further, the volume resistivity of the inner layer was 
measured and found to be 10 (S2 cm). 
0127. Further, the tensile strength at break of the inner 
layer was 25 MPa. 

0128. The results are summarized in Table 1. 

EXAMPLE 5 

0129. To a cylinder to form an outer layer of a hose, 
polyamide 12 (5016XHP, manufactured by Toray Corpora 
tion) was Supplied. 

0.130. To a cylinder to form an adhesive resin layer, in the 
same manner as in Example 1, a mixture comprising 100 
parts by mass of a powder of resin A, 1.5 parts by mass of 
maleic anhydride and 0.2 part by mass of t-butyl hydroper 
oxide, was Supplied, to form fluororesin C at a melting Zone 
temperature of cylinder of 260 C. for a retention time of 3 
minutes, and the fluororesin C was transferred to a transport 
Zone of the cylinder. 

0131) To a cylinder to form an inner layer, pellets 4 of 
highly melt flowable conductive ETFE (MFR=28 (g/10 
min)) were Supplied. 

0.132. A laminated hose having an outer diameter of 8 
mm and an inner diameter of 6 mm was formed by three 
layer co-extrusion at a co-extrusion die temperature of 250 
C. for polyamide 12, resin C and pellets 4 at a withdrawing 
Speed of 20 (m/min). The appearance of the obtained lami 
nated hose was visually observed, whereby the surface 
property of both the outer and inner layers, was very good. 
The Surface roughness Rimax of the inside Surface of the 
inner layer was 0.8 um. 

0133) Further, the adhesive strength (melt adhesive 
Strength) of the outer and inner layers was measured and 
found to be 71 N/cm. After immersing the laminated hose in 
a fuel oil for 120 hours at 60° C., the adhesive strength of the 
outer and inner layers was measured and found to be 70 
N/cm. Further, the volume resistivity of the inner layer was 
measured and found to be 10 (S2 cm). 
0134) Further, the tensile strength at break of the resin of 
the inner layer was 23 MPa. 

0.135 The results are summarized in Table 1. 
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COMPARATIVE EXAMPLE 1. 

0.136 To a cylinder to form an outer layer of a hose, 
polyamide 12 (5016XHP, manufactured by Toray Corpora 
tion) was Supplied. 
0.137 To a cylinder to form an adhesive resin layer, a 
mixture comprising 100 parts by mass of a powder of resin 
A, 1.5 parts by mass of maleic anhydride and 0.2 part by 
mass of t-butyl hydroperoxide, was Supplied, to form resin 
C at a melting Zone temperature of cylinder of 260 C. for 
a retention time of 3 minutes, and resin C was transferred to 
a transport Zone of the cylinder. 

0.138. To a cylinder to form an inner layer, electrically 
conductive pellet 1 prepared in Reference Example 3 
(MFR=4.7 (g/10 min)) were supplied. 

0.139. A laminated hose having an outer diameter of 8 
mm and an inner diameter of 6 mm was formed by three 
layer co-extrusion at a co-extrusion die temperature of 250 
C. for polyamide 12, resin C and pellets 1 at a withdrawing 
Speed of 15 (m/min). The appearance of the obtained lami 
nated hose was visually observed, whereby the inner layer 
was found to be roughened. The Surface roughness Rimax of 
the inside Surface of the inner layer was 151 um. 

0140. The results are summarized in Table 1. 

COMPARATIVE EXAMPLE 2 

0.141. The same experiment as in Comparative Example 
1 was carried out except that a laminated hose having an 
outer diameter of 8 mm and an inner diameter of 6 mm was 
formed by three layer co-extrusion by lowering the with 
drawing speed to 10 (m/min). 

0142. The appearance of the obtained laminated hose was 
visually observed, whereby the inner layer was found to be 
roughened as in Comparative Example 1, and no Substantial 
improvement of the Surface property was observed. 

0143. The surface roughness Rimax of the inner layer was 
124 lum. 

0144. The results are summarized in Table 1. 

COMPARATIVE EXAMPLE 3 

0145 To a cylinder to form an outer layer of a hose, 
polyamide 12 (5016XHP, manufactured by Toray Corpora 
tion) was Supplied. 

0146 To a cylinder to form an adhesive resin layer, a 
mixture comprising 100 parts by mass of a powder of resin 
A, 1.5 parts by mass of maleic anhydride and 0.2 part by 
mass of t-butyl hydroperoxide, was Supplied, to form resin 
C at a melting Zone temperature of cylinder of 260 C. for 
a retention time of 3 minutes, and resin C was transferred to 
a transport Zone of the cylinder. 

0147 To a cylinder to form an inner layer, electrically 
conductive pellets 5 prepared in Reference Example 8 
(MFR=12 (g/10 min)) were supplied. 
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0.148. A laminated hose having an outer diameter of 8 
mm and an inner diameter of 6 mm was formed by three 
layer co-extrusion at a co-extrusion die temperature of 250 
C. for polyamide 12, resin C and pellets 5 at a withdrawing 
Speed of 15 (m/min). The appearance of the obtained lami 
nated hose was visually observed, whereby the inner layer 
was found to be roughened. The Surface roughness Rimax of 
the inside Surface of the inner layer was 114 lum. 
014.9 The results are summarized in Table 1. 

COMPARATIVE EXAMPLE 4 

0150. The same experiment as in Comparative Example 
1 was carried out except that a laminated hose having an 
outer diameter of 8 mm and an inner diameter of 6 mm was 
formed by three layer co-extrusion by lowering the with 
drawing speed to 10 (m/min). 
0151. The appearance of the obtained laminated hose was 
visually observed, whereby the inner layer was found to be 
roughened as in Comparative Example 1, and no Substantial 
improvement of the Surface property was observed. 

0152 The surface roughness Rimax of the inside surface 
of the inner layer was 102 um. 
0153. The results are summarized in Table 1. 

COMPARATIVE EXAMPLE 5 

0154) To a cylinder to form an outer layer of a hose, 
polyamide 12 (5016XHP, manufactured by Toray Corpora 
tion) was Supplied. 
O155 To a cylinder to form an adhesive resin layer, in the 
Same manner as in Example 1, a mixture comprising 100 
parts by mass of a powder of resin A, 1.5 parts by mass of 
maleic anhydride and 0.2 part by mass of t-butyl hydroper 
oxide, was Supplied, to form melt adhesive fluororesin C at 
a melting Zone temperature of cylinder of 260° C. for a 
retention time of 3 minutes, and fluororesin C was trans 
ferred to a transport Zone of the cylinder. 
0156 To a cylinder to form an inner layer, pellets 6 of 
highly melt flowable conductive ETFE (MFR=43 (g/10 
min)) were Supplied. 
O157 Alaminated hose having an outer diameter of 8 
mm and an inner diameter of 6 mm was formed by three 
layer co-extrusion at a co-extrusion die temperature of 250 
C. for polyamide 12, resin C and pellets 6 at a withdrawing 
Speed of 20 (m/min). The appearance of the obtained lami 
nated hose was visually observed, whereby the surface 
property of both the outer and inner layerS was very good. 
The Surface roughness Rimax of the inside Surface of the 
inner layer was 0.8 um. 
0158 When it was attempted to measure the adhesive 
Strength (melt adhesive strength) of the outer and inner 
layers, the inner layer underwent material fracture, and the 
measurement was impossible. 

0159 Further, the tensile strength at break of the inner 
layer was 15 MPa. 

0160 The results are summarized in Table 1. 
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TABLE 1. 

Inner Withdraw Adhesive Tensile break Surface 
layer MFR speed strength strength roughness 
g/10 min m/min N/cm Mpa Rimax 

Comp. 4.7 15 3O 150 
Ex. 1 
Comp. 4.7 1O 3O 124 
Ex. 2 
Comp. 12 15 3O 114 
Ex. 3 
Comp. 12 1O 3O 102 
Ex. 4 
Ex. 1 14 15 56 29 1.O 
Ex. 2 14 2O 54 29 1.2 
Ex. 3 17 15 68 25 O.8 
Ex. 4 17 2O 62 25 O.8 
Ex. 5 28 2O 71 23 O.8 
Comp. 43 2O 15 O.8 
Ex. 5 

EXAMPLE 6 

0.161. Using five laminated hoses which were the same as 
in Examples 1 to 5, five hoses having corrugated regions 
over the entire hoses, were prepared by a molding method. 
0162 Each of these hoses was a corrugated laminated 
hose having an Outer diameter of 11 mm and an inner 
diameter of 9.4 mm at thick portions of the corrugated 
region and an outer diameter of 8 mm and an inner diameter 
of 6 mm at thin portions. With respect to these corrugated 
laminated hoses, the adhesive Strength of the Outer and inner 
layers, and the Surface roughneSS Rimax of the inside Surface 
of the inner layer, were confirmed to be the same as of the 
laminated hoses of Examples 1 to 5. Further, these corru 
gated laminated hoses can be mounted as bent at an optional 
angle depending upon the Structural configuration in an 
engine room. 

INDUSTRIAL APPLICABILITY 

0163 The present invention provides a fuel hose having 
a laminated Structure comprising an outer layer made of a 
thermoplastic resin and an inner layer made of a fluororesin 
having electrical conductivity, wherein a highly melt flow 
able fluororesin having a MFR of from 14 to 30 (g/10 min) 
is used as the inner layer, whereby it is possible to obtain a 
fuel hose having a high interlaminar adhesive Strength, 
whereby the Surface SmoothneSS is Secured even when 
molded at a high Speed. 
0164. Further, the fuel hose of the present invention 
preferably has a corrugated region and can be mounted as 
bent at an optional angle depending upon the Structural 
configuration in an engine room without necessity of bend 
processing and without StreSS fatigue or interlaminar peel 
ing. Further, even when a corrugated region is formed, the 
interlaminar adhesive Strength and the Surface SmoothneSS 
will not be impaired. 
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Appearance 

Melt fracture 

Melt fracture 

Melt fracture 

0.165. The entire disclosure of Japanese Patent Applica 
tion No. 11-277822 filed on Sep. 30, 1999 including speci 
fication, claims and Summary are incorporated herein by 
reference in its entirety. 
What is claimed is: 

1. A fuel hose having a laminated Structure comprising an 
inner layer (A) made of a fluororesin and an outer layer (B) 
made of a thermoplastic resin other than a fluororesin, 
wherein the inner layer (A) has electrical conductivity and a 
melt flowability Such that the melt flow rate is from 14 to 30 
(g/10 min), and at least the inside Surface of the inner layer 
is Substantially Smooth. 

2. The fuel hose according to claim 1, which has a 
corrugated region at a midpoint thereof. 

3. The fuel hose according to claim 1, wherein the Surface 
roughness Rimax of the inside Surface of the inner layer is at 
most 100 um. 

4. The fuel hose according to claim 1, wherein the tensile 
strength at break of the inner layer is higher than 21 MPa. 

5. The fuel hose according to claim 1, wherein the volume 
resistivity of the inner layer is from 1 to 10” (S2 cm). 

6. The fuel hose according to claim 1, wherein the inner 
layer contains an electrical conductivity-imparting agent. 

7. The fuel hose according to claim 1, wherein the 
fluororesin of the inner layer is an ethylene/tetrafluoroeth 
ylene copolymer. 

8. The fuel hose according to claim 1, wherein the 
thermoplastic resin of the Outer layer is polyamide 6, polya 
mide 11 or polyamide 12. 

9. The fuel hose according to claim 1, wherein the inner 
layer and the Outer layer are melt-bonded via a melt adhesive 
fluorinated adhesive resin layer. 

10. The fuel hose according to claim 1, wherein the inner 
layer and the outer layer are formed by co-extrusion mold 
Ing. 


